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5 .  

D u r i n g  the p e r i o d  June 15, 1968 t o  June 1 S 9  1970 the f o l l o w i n g  s t u d i e s  

were c a r r i e d  o u t  i n  o u r  l a b o r a t o r y .  These s t u d i e s  were suppor ted i n  p a r t  by 

funds f rom NASA Grant  # NGR 33023-032@ 

ACUTE REVERSAL OF THE SLEEP-WAKING CYCLE I N  MAN 

T h i s  s t u d y  i s  d i v i d e d  i n t o  two major  p a r t s .  The f i r s t  was a s tudy  o f  

t h r e e  weeks' d u r a t i o n ;  f i r s t  week was a b a s e l i n e  n o c t u r n a l  s l e e p  p e r i o d  

f o l l o w e d  by two weeks o f  an acu te  180° i n v e r s i o n  t o  day-sleep. Because o f  

f i n d i n g s  o f  a s low s h i f t  o f  c e r t a i n  p h y s i o l o g i c  measures a second s tudy  

l a s t i n g  f o r  n i n e  weeks was c a r r i e d  out .  I n  t h i s  s tudy  each s u b j e c t  had a 

t h r e e  week b a s e l i n e  n o c t u r n a l  s l e e p  per iod,  f o l l o w e d  by t h r e e  weeks o f  s l e e p  

d u r i n g  the  day, f o l l o w e d  by a r e - i n v e r s i o n  p e r i o d  o f  t h r e e  weeks s l e e p i n g  a t  

n i g h t .  

The da ta  o b t a i n e d  f rom these s t u d i e s  a r e  i n  d i f f e r e n t  stages o f  complete- 

ness o f  a n a l y s i s  and w i l l  be descr ibed i n  t h i s  r e p o r t  a c c o r d i n g l y .  

I. THREE WEEK SLEEP REVERSAL STUDY. 

A )  E f f e c t  on Sleep Stage P a t t e r n s  (Ref 1 )  

Method 

F i v e  h e a l t h y  young men l i v e d  f o r  t h r e e  weeks on a m e t a b o l i c  ward. A l l  

s u b j e c t s  r e p o r t e d  t h a t  they  n o r m a l l y  s l e p t  a t  n i g h t  and were awake d u r i n g  

the day i n  t h e i r  p r e s t u d y  a c t i v i t i e s .  

t o  s leep a t  n i g h t  f o r  e i g h t  hours i n  an a i r - c o n d i t i o n e d ,  sound-attenuated, 

For  7L5 days t h e  s u b j e c t s  were a l l o w e d  

darkened room on a s tandard  h o s p i t a l  bed. Each even ing  b e f o r e  r e t i  r i n g ,  

s tandard  c l i n i c a l  e lect roencephalogram e l e c t r o d e s  and e l e c t r o d e s  f o r  record-  

i n g  the e lec t ro -ocu logram (EOG) and s u r f a c e  c h i n  electromyogram (EMG) were 

at tached, 

r e f e r r e d  t o  b o t h  ears, e l e c t r i c a l l y  connected ( A 1  + A2). 

p laced a t  Ck9 t o  be used i f  any o f  the o t h e r s  were f a u l t y  d u r i n g  t h e  record ing ,  

The e l e c t r o d e s  were p l a c e d  a t  s c a l p  p o s i t i o n s  F3, C3, and P 3  and 

One e l e c t r o d e  was 

The EOG was recorded on t h r e e  channels. The r i g h t  and l e f t  l a t e r a l  and the 
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l e f t  s u p e r i o r  o r b i t a l  e l e c t r o d e s  were r e f e r r e d  t o  the  e a r s  ( A i  + A2) .  

s u r f a c e  e lec t rodes ,  taped t o  t h e  chin,  were used i n  a b i p o l a r  arrangement 

Two 

f o r  one channel o f  EMG, record ing .  The l i g h t  was tu rned o f f  a t  10 PM, and 

the s l e e p  p e r i o d  was then i n t e r r u p t e d  a t  6 AM. 

f o r  20 days, EEG, EOG, and EMG were recorded, D u r i n g  a l t e r n a t e  s l e e p  

per iods ,  an i n d w e l l i n g  venous c a t h e t e r  was used t o  w i thdraw samples o f  b lood 

e v e r y  h a l f  hour d u r i n g  s l e e p  f o r  f o u r  o f  the  f i v e  s u b j e c t s .  T h i s  c a t h e t e r  

D u r i n g  each s l e e p  p e r i o d  

extended ten  f e e t  v i a  a smal l  w a l l  a p e r t u r e  t o  an a d j o i n i n g  room so t h a t  

b l o o d  was o b t a i n e d  w i t h o u t  d i s t u r b i n g  t h e  s u b j e c t .  I n  a d d i t i o n ,  f o r  these 

s u b j e c t s  b l o o d  was o b t a i n e d  by d i r e c t  ven ipunc ture  every  f o u r  hours on a l t e r -  

n a t e  days, Every f o u r  hoursexcept  f o r  the  mid-s leep per iod,  r e c t a l  body 

temperature ( o r a l  f o r  one s u b j e c t )  was measured and vo ided u r i n e  o b t a i n e d  

f o r  t h e  e n t i r e  t h r e e  week per iod .  A n a l y s i s  o f  body temperature, plasma, 

and u r i n e  measurements w i l l  be descr ibed i n  a subsequent r e p o r t .  Dur ing  the  

waking p e r i o d  f o r  t h e  b a s e l i n e  week d u r i n g  the day, and a t  n i g h t  a f t e r  i n v e r s i o n ,  

the  s u b j e c t s  had no p lanned a c t i v i t y .  

were c a r e f u l l y  watched b y  the  ward s t a f f .  

leave t h e  ward f o r  severa l  hours d u r i n g  t h e i r  waking t ime. 

They were i n s t r u c t e d  n o t  t o  s leep and 

On occas ion  they were a l l o w e d  t o  

A s tandard  d i e t  was served a t  s tandard  meal times. Food and f l u i d  i n t a k e  

was measured, a l t h o u g h  the  s u b j e c t s  were n o t  o b l i g e d  to e a t  o r  dr ink the same 

amount each 

On t h e  

o b s e r v a t i o n  

day. 

e i g h t h  evening, the s u b j e c t  remained awake a l l  n i g h t  under c o n s t a n t  

and was then a l l o w e d  t o  s l e e p  t h e  n e x t  morning in t h e  darkened 

room f r o m  10 AM to  6 PM. 

day p e r i o d  f o r  the n e x t  two weeks. A11 meals9 measurements, samples, and 

record ings  proceeded i n  t h e  p r e v i o u s  manner, but  a t  a t ime 12 hours ( 1 8 0 ~ )  o u t  

o f  phase w i t h  the b a s e l i n e  f i r s t  week per iod.  A l though t h e r e  was less  a c t i v i t y  

Sleep was a l l o w e d  each day d u r i n g  t h i s  e i g h t - h o u r  



and fewer people were on  t h e  ward a t  n i g h t ,  the  u n i t  was w e l l  s t a f f e d  a t  a l l  

hours 

The cont inuous p o l y g r a p h i c  records  o f  monopolar EEG,  EOG, and EMG record-  

ings  were scored i n  one-minute i n t e r v a l s  by exper ienced techn ic ians ,accord ing  

t o  t h e  Dement-Kleitman c r i t e r i a ,  i n t o  awake and s l e e p  s tages 1, 2, 3 ,  and 4, 

and REM ( r a p i d  eye movement, s leep) .  The c r i t e r i a  agree c l o s e l y  w i t h  the r e c e n t  

manual f o r  s c o r i n g  human s l e e p  stages. The scored data f o r  each s l e e p  

p e r i o d  was key-punched o n t o  cards and then analyzed s t a t i s t i c a l l y  w i t h  t h e  

a s s i s t a n c e  o f  d i g i t a l  computer processing, 

Resu l ts  

S h i f t i n g  t h e  s leep p e r i o d  o f  the f i v e  s u b j e c t s  t o  a day t ime i n t e r v a l  180° 

o u t  of phase w i t h  the  b a s e l i n e  n i g h t  s l e e p  p e r i o d  had t h r e e  e f f e c t s  on the  

EEG s leep records,  

was a l t e r e d .  

( 1 )  The p r o p o r t i o n  o f  t i m e  spent  i n  c e r t a i n  s l e e p  s tages 

(2 )  The h o u r l y  d i s t r i b u t i o n  o f  c e r t a i n  s tages w i th in  the s l e e p  

p e r i o d s  changed. (3 )  The usual  sequence o f  s tages was d i s t u r b e d ,  and the  

mean d u r a t i o n  o f  con t inuous  i n t e r v a l s  o f  each s tage decreased., 

Sleep Stage Amounts.-The d u r a t i o n  o f  each s tage w i th in  a s l e e p  p e r i o d  f o r  

each s u b j e c t  v a r i e d  f rom day t o  day b o t h  b e f o r e  and a f t e r  r e v e r s a l ,  There fore ,  

t o  d e s c r i b e  t h e  t rends, mean minutes per  s l e e p  p e r i o d  f o r  each s tage were 

averaged f o r  s e q u e n t i a l  ha l f -week i n t e r v a l s  (Table 1 ) .  From t h e  f i r s t  t o  t h e  

second h a l f  o f  t h e  b a s e l i n e  weekp t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  minutes 

o f  s tage REM f rom 104 t o  125 minutes,  and a s i g n i f i c a n t  decrease i n  stage 2 

f r o m  217 t o  194 minutes, w i t h  l i t t l e  change i n  the  o t h e r  stages. Changes 

a f t e r  r e v e r s a l  were compared w i t h  the  second h a l f  of the b a s e l i n e  week, s i n c e  

the data f rom the  f i r s t  h a l f  week are  p r o b a b l y  more d i s t o r t e d  by the  " f i r s t  

n i g h t  e f f e c t "  and by o t h e r  a d a p t a t i o n a l  f a c t o r s .  

Stage Wakefulness (W).-There was a s i g n i f i c a n t  i n c r e a s e  i n  wakefulness 
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immediate ly  a f t e r  r e v e r s a l ;  a f t e r  r e v e r s a l  t h e  s u b j e c t s  s l e p t  loss .  The dura- 

t i o n  o f  waking t ime was s t i l l  h i g h e r  than b a s e l i n e  i n  the  s i x t h  h a l f  weak, two 

weeks a f t e r  r e v e r s a l .  T h i s  e f f e c t  o c c u r r e d  i n  a l l  f i v e  sub jec ts ,  

Stage 1,-Despite t h e  decrease i n  d u r a t i o n  o f  t o t a l  s l e e p  and s p e c i f i c  

stages, t h e  amount o f  s tage 1 i n c r e a s e d  a f t e r  r e v e r s a l  i n  a l l  f o u r  h a l f  weeks, 

T h i s  i n c r e a s e  was s t a t i s t i c a l l y  s i g n i f i c a n t  ( P < O , O 5 )  when c a l c u l a t e d  

i n d i v i d u a l l y  f o r  two s u b j e c t s  but was n o t  s i g n i f i c a n t  when determined f o r  t h e  

group. 

Stages 2, 3 ,  and 4.-There was no s i g n i f i c a n t  change i n  the  amount of t i m e  

spent i n  these s tages f o l l o w i n g  r e v e r s a l .  

Stage REM.-There was s i g n i f i c a n t l y  l e s s  s tage REM s l e e p  a f t e r  r e v e r s a l .  

By the  s i x t h  h a l f  week, two weeks a f t e r  r e v e r s a l ,  the mean d u r a t i o n  o f  s tage 

REM had increased t o  a l e v e l  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  base l ine .  

Therefore,  t h e  e f f e c t  o f  r e v e r s a l  on s l e e p  s tage amounts was t o  i n c r e a s e  

waking t ime a t  the  expense o f  REM sleep, w i t h  l i t t l e  e f f e c t  on non-REM s l e e p  

stages. T h i s  decrease i n  REM a f t e r  r e v e r s a l  was a s s o c i a t e d  w i t h  a r e l a t i v e l y  

o f  t o t a l  s leep because t o t a l  s l e e p  a l s o  smal l  decrease i n  t h e  REM percent  

decreased (Table 2). 

H o u r l y  D i s t r i b u t i o n  o f  the  S 

p r i o r  t o  r e v e r s a l  >, t h e  d i s t r i b u t  

eep Stages,-During the f i r s t  week ( n i g h t  s l e e p  

on o f  the  s tages throughout  t h e  s leep p e r i o d  

was h i g h l y  skewed ( F i g  1 )  as i n  numerous o t h e r  s tud ies ,  Stages 1,  3 ,  4, 

and awake were a l l  h i g h e r  i n  the f i r s t  t h r e e  hours,  whereas REM and s tage 2 

had h i g h e r  h o u r l y  means i n  the l a t t e r  p a r t  o f  s leep, 

Stage W.-Before r e v e r s a l ,  s tage W o c c u r r e d  predominant ly  i n  t h e  f i r s t  hour  

o f  s leep. A f t e r  r e v e r s a l ,  the amount of stage W decreased s i g n i f i c a n t l y  i n  

the  f i r s t  hour  and i n c r e a s e d  s i g n f i c a n t l y  i n  the  l a s t  t h r e e  hours. That  is, 

a f t e r  r e v e r s a l  t h e  s u b j e c t s  f e l l  as leep more q u i c k l y ,  b u t  they tended t o  awaken 



i n t e r m i t t e n t l y  toward the  end o f  t h e  s l e e p  per iod ,  

Stage 2,-After r e v e r s a l ,  s tage 2 was l e s s  concent ra ted  i n  the  l a t t e r  

h a l f  o f  the  s l e e p  per iod .  

ges predominated i n  the  f i r s t  h a l f  o f  the s l e e p  

t e r  r e v e r s a  1 

Stage REM.-After r e v e r s a l ,  the minu tes  o f  REM i n c r e a s e d  d u r i n g  the  f i r s t  

h a l f  o f  t h e  s l e e p  p e r i o d  and decreased i n  the f i n a l  two hours ( F i g  1). The 

t ime o f  s l e e p  onset  t o  the  f i r s t  REM p e r i o d  f o r  a l l  n i g h t s  o f  a l l  s u b j e c t s  

decreased s i g n i f i c a n t l y  ( P X O . 0 5 )  d u r i n g  t h e  f i r s t  p o s t r e v e r s a l  week (week 2 )  

and decreased w i t h  b o r d e r l i n e  s i g n i f i c a n c e  i n  the  second p o s t r e v e r s a l  week (week 

3 )  ( P <  0.01), u s i n g  a t - t e s t  f o r  c o r r e l a t e d  means (Tab le  3) .  

v a r i a b i l i t y  i n  t h e  l a t e n c y  t o  t h e  f i r s t  REM a f t e r  r e v e r s a l ,  and some l a t e n c i e s  

were ex t remely  s h o r t .  I n  the  b a s e l i n e  week t h e r e  were no l a t e n c i e s  more than 

two s tandard  d e v i a t i o n s  below the mean l a t e n c y  t o  s tage REM onset,  w h i l e  

a f t e r  r e v e r s a l  such ex t remely  smal l  l a t e n c i e s  o c c u r r e d  f o r  each sub jec t ,  One 

sub jec t ,  who had no v e r y  . s h o r t  REM l a t e n c i e s  d u r i n g  t h e  b a s e l i n e  week, developed 

a p a t t e r n  o f  f i r s t  REM p e r i o d s  o c c u r r i n g  e s s e n t i a l l y  a t  onset  o f  s l e e p  o r  

w i t h i n  a few minutes,  and t h i s  p a t t e r n  c o n t i n u e d  through the  second week a f t e r  

r e v e r s a l  

There was more 

Thus, d u r i n g  the  f i r s t  week a f t e r  r e v e r s a l ,  t h e r e  was a c l e a r  s h i f t  o f  REM 

and s tage 2 toward the  e a r l y  p a r t  o f  the  s l e e p  per iod ,  and waking s h i f t e d  

toward t h e  l a t t e r  p a r t .  

Time Sequence o f  Sleep Stages,--The mean d u r a t i o n  o f  t h e  i n d i v i d u a l  

episodes of a l l  s l e e p  s tages f o r  the  f o u r  s e q u e n t i a l  hal f -week p e r i o d s  o f  day 

s l e e p  were compared t o  t h e  preced ing  week o f  n i g h t  s l e e p  (Table 4), 

t i o n  o f  ep isodes o f  s tages REM and 2 decreased s i g n i f i c a n t l y  i n  a l l  p o s t r e v e r s a l  

per iods,  Stage 3 decreased i n  t h e  l a s t  t h r e e  hal f -week per iods,  whereas s tage 4 

The dura-  
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decreased s i g n i f i c a n t l y  o n l y  i n  the l a t t e r  h a l f  of  the  f i r s t  week p o s t r e v e r s a l  

(week 2),  

p o s t r e v e r s a l  weeks. Decreases i n  the d u r a t i o n s  o f  the  s l e e p  s tage episodes 

a r e  a measure o f  the  i n t e r r u p t e d  q u a l i t y  o f  p o s t r e v e r s a l  sleep, To f u r t h e r  

d e f i n e  the  e f f e c t  o f  r e v e r s a l  on REM s l e e p  we d e f i n e d  a REM "epoch" as t i m e  

f r o m  the  b e g i n n i n g  o f  a REM p e r i o d  t o  the  end o f  a sequence o f  REM p e r i o d s  

separated by 15 minutes or  less., Both t h e  number o f  i n t e r r u p t i o n s  and t h e  

number o f  i n t e r r u p t e d  REM epochs inc reased a f t e r  sleep-wake c y c l e  i n v e r s i o n  

(Table 5). A l though t h e r e  was a t r e n d  t o  r e t u r n  t o  p r e r e v e r s a l  values, t h e  

i n t e r r u p t i o n s  were s t i l l  i nc reased i n  the second week a f t e r  r e v e r s a l ,  

The d u r a t i o n  o f  s tages 2 and REM were s i g n i f i c a n t l y  l e s s  f o r  b o t h  

As a c o r o l l a r y  t o  t h e  above f i n d i n g s ,  t h e r e  was an i n c r e a s e  i n  t h e  

number o f  changes o f  s l e e p  s tage a f t e r  r e v e r s a l .  A mean o f  30 changes o f  

stage o c c u r r e d  each n i g h t  d u r i n g  the  b a s e l i n e  week, whereas 37 and 39 were 

the mean va lues  per  n i g h t  f o r  t h e  second and t h i r d  week. 

i n  the number o f  awakenings f r o m  REM p e r i o d s  was a l s o  n o t e d  f o l l o w i n g  r e v e r s a l .  

P r i o r  t o  r e v e r s a l ,  13% o f  REM p e r i o d s  were f o l l o w e d  by awakenings, whereas 

a f t e r ,  29% and 36% o f  REM p e r i o d s  te rmina ted  i n  awakenings i n  the second and 

t h i  r d  weeks 

A s e l e c t i v e  i n c r e a s e  

Because REM i n t e r r u p t i o n s  m i g h t  i n d i c a t e  a d i s r u p t i o n  i n  the  normal 

rhy thmic  c y c l e  o f  s tage REM sleep, we a p p l i e d  a t e s t  f o r  r h y t h m i c i t y  o f  REM 

occurrences, A b i n a r y  a u t o c o r r e l a t i o n  t e s t ,  s u p p l i e d  b y  Gordon Globus, M D z  

was performed on s leep s tage da ta  f o r  each s u b j e c t  f o r  each s l e e p  per iod ,  An 

average r e s u l t  was o b t a i n e d  f o r  t h e  e n t i r e  group f o r  each o f  t h e  t h r e e  weeks, 

E s s e n t i a l  l y  no d i f f e r e n c e  was found between t h e  mean a u t o c o r r e l a t i o n  curves  

f o r  each of the  t h r e e  weeks when t h e  f i v e  s u b j e c t s  were t r e a t e d  as a group, 

A l l  th ree  curves f e l l  o f f  s h a r p l y  t o  m i n i m u m  agreements a t  a l a g  o f  45 t o  50 

minutes and then rose t o  peak agreements a t  l a g s  o f  90 t o  100 minutes ( F i g  2 ) ,  
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I n d i v i d u a l  s u b j e c t s  d i f f e r e d  c o n s i d e r a b l y  ( F i g  2 ) ,  One s u b j e c t  (S4) 

had c o n s i s t e n t l y  h i g h  agreement i n  the  f i r s t  and t h i r d  weeks, a t  a l a g  o f  

90 t o  110 minutes.  Dur ing  the second week, however, the curves f l a t t e n e d  

cons iderab ly .  Sub jec ts  S 1  and S3 had a c o n s i s t e n t  90-minute c y c l e  d u r i n g  week 

two, whereas t h i s  was n o t  c o n s i s t e n t l y  p resent  d u r i n g  the f i r s t  and t h i r d  

weeks. S u b j e c t s  S2 and S s p  on the  o t h e r  hand, had a 90 t o  100 minute  rhythm 

d u r i n g  the f i r s t  week, whereas t h i s  was n o t  c l e a r l y  the case f o r  the  second 

and t h i r d  week. 

Therefore,  d e s p i t e  s i g n i f i c a n t  changes i n  d u r a t i o n ,  amount, s t a b i  1 i t y J  

and t i m i n g  o f  c e r t a  

preserved f o l l o w i n g  

The cons i s ten  t 

sleep-waking c y c l e  

d e f i n i t i o n  o f  s leep 

n s l e e p  stages, the  b a s i c  90 t o  100 minute c y c l i c i t y  was 

acute  i n v e r s i o n  t o  day sleep. 

a l t e r a t i o n  o f  s leep p a t t e r n  a f t e r  acute i n v e r s i o n  o f  the  

n these s u b j e c t s  emphasizes t h e  importance o f  p o l y g r a p h i c  

s tages i n  s t u d i e s  o f  c i r c a d i a n  c y c l e  s h i f t s .  The 

prev ious  i m p l i c i t  assumptions o f  a u n i t a r y  v iew o f  s l e e p  can no longer  be h e l d  

i n  l i g h t  o f  the e x t e n s i v e  l i t e r a t u r e  documenting t h e  c o m p l e x i t y  o f  s l e e p  

p a t t e r n s  under a v a r i e t y  of exper imenta l  man ipu la t ions .  Our f i n d i n g s  

emphasize t h e  d i f f e r e n t i a l  response o f  s p e c i f i c  s l e e p  stages t o  an acu te  

i n v e r s i o n  o f  the sleep-wake c y c l e  i n  a l a b o r a t o r y  s e t t i n g .  They demonstrate 

complex a l t e r a t i o n s  o f  t h e  phase r e l a t i o n s  o f  the  s l e e p  stages, the  amounts 

ng * 

t o  occur  i n  

5 was assoc 

o f  d i f f e r e n t  stages, and the  p a t t e r n  o f  s leep s tage sequenc 

There was a p e r s i s t e n t  tendency f o r  spontaneous waking 

l a t t e r  t h i r d  o f  s l e e p  d u r i n g  the  i n v e r t e d  s l e e p  p e r i o d ,  Th 

the 

a ted 

w i t h  a s h i f t  o f  REM s leep t o  an e a r l i e r  t ime. F u r t h e r  evidence o f  d i s t u r b e d  

s leep was shown by t h e  inc reased f requency o f  i n t e r r u p t e d  REM and 

i n t e r r u p t i o n s  o f  REM s l e e p  epochs. However, the b a s i c  90-minute REM c y c l e  

p e r s i s t e d  d u r i n g  t h e  day s l e e p  per iod .  
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I n  c o n t r a d i s t i n c t i o n  t o  the  d is tu rbances  o f  REM sleep, s tages 3 and 4 

appeared t o  s h i f t  immedia te ly  w i t h  the c y c l e  s h i f t ,  These stages o f  s l e e p  

cont inued to  be p r e s e n t  d u r i n g  t h e  f i r s t  two hours o f  the s l e e p  p e r i o d  

a f t e r  the 180° s h i f t ,  as i n  s e v e r a l  p r e v i o u s  s t u d i e s ,  and suggests t h a t  tho 

d u r a t i o n  and q u a l i t y  o f  the  waking p e r i o d  may be a f a c t o r  i n  d e t e r m i n i n g  the 

t i m i n g  and amount of stage 3 t o  4 sleep, I n  o u r  s t u d y  a waking p e r i o d  

o f  16 hours was always f o l l o w e d  upon g o i n g  t o  s leep by a s i m i l a r  p e r i o d  o f  

stage 3 t o  4 sleep, whether the  s u b j e c t  went t o  s l e e p  a t  10 PM o r  10 AM. 

A l though our  s u b j e c t s  s l e p t  i n  an e q u i v a l e n t  dark room d u r i n g  day and 

n i g h t  s l e e p  per iods,  the  l i g h t  i n t e n s i t y  and wavelength spectrum d i f f e r e d  

w h i l e  they  were awake. I n  a d d i t i o n ,  s i n c e  o u r  s u b j e c t s  were n o t  i s o l a t e d  

f rom the  environment d u r i n g  t h e  s tudy per iod ,  they  were s u b j e c t  t o  a d i f f e r e n t  

s o c i a l  and p s y c h o l o g i c a l  m i l i e u  a t  n i g h t .  These f a c t o r s  c o u l d  have a s i g n i f i -  

c a n t  b e a r i n g  upon t h e  change o f  s leep p a t t e r n s .  

There i s  an i n c r e a s i n g l y  i m p o r t a n t  problem o f  the e f f e c t s  o f  r a p i d  

sleep-wake c y c l e  s h i f t  e n t a i l e d  b y  i n d u s t r i a l  work s h i f t s  and geograph ica l  

t ime zone s h i f t s .  A 1  t e r a t i o n s  i n  p s y c h o l o g i c a l  f u n c t i o n ,  work e f f i c i e n c y ,  and 

somatic symptoms accompany r a p i d  sleep-wake phase s h i f t s ,  Our f i n d i n g s  o f  

a s i g n i f i c a n t  de lay  i n  the  rees tab l i shment  o f  normal s l e e p  p a t t e r n s  i n d i c a t e  

the  p o s s i b l e  importance o f  c o r r e l a t i n g  s leep-stage changes t o  s p e c i f i c  

o c c u p a t i o n a l  work- res t  c y c l e  changes. M o n i t o r i n g  s l e e p  p a t t e r n s  and o t h e r  

p h y s i o l o g i c a l  v a r i a b l e s  w i t h  c y c l e  s h i f t  exper iments may l e a d  t o  more r a t i o n a l  

schedules f o r  w o r k - a c t i v i t y  p a t t e r n s .  I n  t h e  f i e l d  o f  o c c u p a t i o n a l  medic ine 

t h e r e  i s  a s u b s t a n t i a l  body o f  l i t e r a t u r e  i n d i c a t i n g  h e a l t h  hazards i n  s i t u a t i o n s  

i n v o l v i n g  repeated r e v e r s a l s  o f  s leep-waking p a t t e r n s .  Delays i n  p h y s i o l o g i c  

c y c l e  correspondence have been i m p l i c a t e d  i n  the  d i s r u p t i o n  a f t e r  a i r  and 
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space t r a v e l ,  w i t h  symptoms o f  f a t i g u e ,  u r i n a r y  i r r e g u l a r i t y ,  a p p e t i t e  

changes, and major  d i s r u p t i o n  o f  s leep-waking p a t t e r n s .  A l t e r a t i o n s  i n  

adrenal  f u n c t i o n  and water  and e l e c t r o l y t e  e x c r e t i o n  have been found i n  

t ransmer id ian  a i r  f l i g h t s ,  The l i s t  o f  occupat ions i n v o l v e d  i n  s leep-waking 

r e v e r s a l s  i s  long: a i r p l a n e  p i l o t s ,  maintenance and t r a f f i c  c o n t r o l  personnel ,  

medical  i n t e r n s ,  r e s i d e n t s  and nurses, radar  opera tors ,  t r u c k  d r i v e r s ,  t a x i c a b  

d r i v e r s ,  p o s t a l  employees, p o l i c e  and f i r e  department workers.  A s  man works 

i n c r e a s i n g l y  i n  s i t u a t i o n s  w i t h o u t  regard  t o  a r e p e t i  t i v e  s leep-waking c y c l e ,  

the d i s r u p t i o n  o f  p h y s i o l o g i c  c i r c a d i a n  rhythms a f f e c t s  mental  and p h y s i c a l  

hea l th ,  e s p e c i a l l y  i f  compl ica ted  by env i ronmenta l  i s o l a t i o n  o r  mental  and 

phys ica  s t r e s s ,  

B )  E f f e c t  o f  Acute Sleep-Wake Reversal  on Body Temperature, U r i n a r y  

E l e c  t r o l  ytes,  Crea t i n i n e g  17 -Hydroxycor t i  cos t e r o i d  ( 1 WHCS) and 

Plasma C o r t i s o l  

I n  t h e  same group o f  sub jec ts ,  d u r i n g  a l t e r n a t e  s l e e p  p e r i o d s  (10 o f  the  20) 

an i n d w e l l i n g  venous c a t h e t e r  was used t o  w i thdraw samples o f  b l o o d  a t  f r e -  

quent i n t e r v a l s  d u r i n g  s leep. A ten f o o t  long  c a t h e t e r  enabled us t o  o b t a i n  

these samples i n  t h e  a d j o i n i n g  room. I n  a d d i t i o n  on  the day o f  venous 

c a t h e t e r i z a t i o n ,  b l o o d  was o b t a i n e d  b y  d i r e c t  v e n i p u n c t u r e  e v e r y  f o u r  hours 

d u r i n g  the  non-s leep s i x t e e n  hours, The c e n t r i f u g e d  and f r o z e n  plasma was 

analyzed f o r  c o r t i s o l  and growth hormone f o r  t h r e e  s u b j e c t s ,  Every f o u r  hours 

d u r i n g  the e n t i r e  t h r e e  week p e r i o d  w i t h  the  e x c e p t i o n  o f  the  m i d  f o u r  hour 

s l e e p  time, r e c t a l  body temperature was measured and vo ided u r i n e  ob ta ined,  

U r i n e  volume, 17-OHCS, Na, K and c r e a t i n i n e  were measured f o r  each sample, 

The r e s u l t s  o f  the  changes o f  body temperature, u r i n e  volume, c r e a t i n i n e ,  Na, IC 

and 17-OHCS a r e  shown i n  graph 3 e  N e i t h e r  the  u r i n a r y  I 7 - O H C S  n o r  t h e  body 
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temperature c i r c a d i a n  c y c l e  had f u l l y  i n v e r t e d  d u r i n g  the two week day-sleep 

per iod .  The body temperature curve  a c t u a l l y  became d iphas ic ,  w i t h  a drop o f  

temperature o c c u r r i n g  b o t h  d u r i n g  the new day-sleep per iod,  as  w e l l  a s  d u r i n g  

the t ime a t  n i g h t  when s l e e p  had p r e v i o u s l y  taken p lace.  The u r i n e  c r e a t i n i n e  

and volume, however, d i d  reverse  r a p i d l y ,  a l t h o u g h  l e s s c r a a t i n i n e a n d  more u r i n e  

was e x c r e t e d  d u r i n g  the i n v e r t e d  sleep-wake per iod ,  

Since i t  was e s p e c i a l l y  i m p o r t a n t  t o  determine the t ime sequence p a t t e r n  

o f  change o f  the above measured v a r i a b l e s  d u r i n g  the two weeks a f t e r  s l e e p  

i n v e r s i o n ,  we o b t a i n e d  l e a s t  squares cos ine  f i t t i n g  analyses through the  k i n d  

c o l  l a b o r a t i o n  o f  D r .  Franz Halberg, Chronobio logy Labora tor ies ,  Department o f  

Pathology, U n i v e r s i  t y  o f  Minnesota Medical  School Using t h e i r  method o f  

"pergress ive  microscope p r o f i  l e "  d isp lay ,  we were a b l e  to  p l o t  an e s t i m a t e  

o f  the ampl i tude, phase and t i m e  course o f  these c y c l e  s h i f t s ,  

I n  graphs 7 and 8, the  r a p i d  s h i f t  o f  t h e  acrophase o f  b o t h  u r i n e  v o l u m  

and c r e a t i n i n e  a r e  c l e a r l y  e v i d e n t .  

s h i f t  180°, b u t  s h i f t e d  t o  approx imate ly  160° - 180' i n i t i a l l y  and then appeared 

t o  d e l a y  t o  approx imate ly  110' - 140°, 

across a l l  f i v e  s u b j e c t s  i s  p l o t t e d  i n  graph S o  A l l  u r i n e  va lues  shown i n  

t h i s  graph except  K+ s h i f t e d  approx imate ly  135' - 14s0, whereas K +  wh ich  had 

a d i f f e r e n t  acrophase than the  o t h e r  va lues  s h i f t e d  o n l y  approx imate ly  10O0, 

Graph 6 shows an i n c r e a s i n g  de lay  o f  acrophase o f  body temperature whereas 

u r i n a r y  17-OHCS had a smal l  advance i n  phase f o l l o w e d  by a p r o g r e s s i v e  de lay  

to  approximate 1 y 70' 

However, the  acrophase d i d  n o t  f u l l y  

A composi te graph o f  acrophase va lues  

I t  i s  i m p o r t a n t  t o  emphasize t h a t  t h e r e  was a c o n s i d e r a b l e  i n t e r - s u b j e c t  

v a r i a b i l i t y ,  For t h i s  reason we f e e l  i t  i m p o r t a n t  t o  c o n f i r m  these f i n d i n g s  

by the  r e s u l t s  o f  t h e  n i n e  week s tudy o u t l i n e d  belowe 
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Measurement o f  t h e  plasma c o r t i s o l  l e v e l s  b y  h a l f  hour sampl ing d u r i n g  

s l e e p  i n  t h r e e  of t h e  s u b j e c t s  be fore  and a f t e r  i n v e r s i o n  conf i rmed the  

f i n d i n g s  i n  t h e  u r i n e  17-OHCS c y c l e  changes t h a t  re -es tab l i shment  o f  t h e  

n o c t u r n a l  s l e e p  hormone p a t t e r n  d i d  n o t  take  p l a c e  d u r i n g  day s l e e p  ( F i g  4 ) .  

a d d i t i o n ,  measurement o f  plasma c o r t i s o l  e v e r y  f o u r  hours, f o r  t h e  twenty - four  

hour c y c l e  d i d  n o t  show an i n v e r s i o n  o f  the  curve  f o r  the f i r s t  and second 

week a f t e r  s l e e p  r e v e r s a l .  

I n  

Measurement o f  plasma growth hormone l e v e l s  conf i rmed the  p r e v i o u s  

f i n d i n g  t h a t  e l e v a t i o n  o f  t h i s  hormone d u r i n g  the f i r s t  few hours o f  s l e e p  

took p l a c e  d u r i n g  t h e  i n v e r t e d  day-s leep p e r i o d  (Graph 9). 

I n  summary, t h e r e f o r e  a non-geographic i n v e r s i o n  o f  the  sleep-wake 

c y c l e  f o r  two weeks produced a d i s t u r b e d  s l e e p  p a t t e r n ,  d i f f e r e n t  s l e e p  stages 

b e i n g  a f f e c t e d  d i f f e r e n t l y ;  C e r t a i n  p h y s i o l o g i c  f u n c t i o n s  appeared t o  reverse  

r a p i d l y ,  whereas o t h e r s  d i d  n o t  f u l l y  do so d u r i n g  t h e  two week day-s leep 

per iod.  F i n a l l y  two h y p o t h a l a m i c - p i t u i  t a r y  hormone systems responded i n  

d i f f e r e n t  ways t o  t h e  s h i f t ,  The growth hormone r e l e a s e  appeared t o  s h i f t  

immediately,  whereas t h e  ACTH-adrenal system was n o t  r e a d i l y  i n v e r t e d s  

IT, N I N E  WEEK SLEEP REVERSAL STUDY, 

f i n d i n g  o f  a s i g n i f i c a n t  d e l a y  i n  the  r e e s t a b i i s h -  

rnent o f  a "normal" s leep p a t t e r n  a s  w e l l  as a concomi tant  body temperature 

and adrenal  c o r t i c a l  hormone c y c l e  phase s h i f  we have extended t h e  o r i g i n a l  

s leep i n v e r s i o n  p r o t o c o l  f r o m  t h r e e  ta a t o t a  o f  n i n e  weeks. Each s u b j e c t  

s leeps f o r  e i g h t  hours a t  n i g h t  a t  a s p e c i f i c  t ime f o r  t h r e e  weeks. T h i s  i s  

f o l l o w e d  b y  a phase s h i f t  o f  180*, s l e e p i n g  d u r i n g  t h e  day, aga in  a t  a s p e c i f i c  

t ime f o r  e i g h t  hours aga in  f o r  th ree  weeks, and then f o l l o w e d  by an  180' 

r e - i n v e r s i o n  back t o  the  same b a s e l i n e  n i g h t  s l e e p  schedule f o r  an a d d i t i o n a l  
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th ree  week per iod .  As i n  the p r e v i o u s  p r o t o c o l  EEG, EOG and c h i n  EMG a r e  

recorded f o r  each e i g h t  hour s l e e p  p e r i o d  ( a  t o t a l  o f  61 s l e e p  p e r i o d s  

f o r  each s u b j e c t )  f o r  d e f i n i t i o n  o f  s l e e p  s tage p a t t e r n .  Records a r e  

scored accord ing  t o  the  new Sleep S c o r i n g  manual a t  1 m inu te  epochs. 

E l e c t r o d e  placement and r e c o r d i n g  technique i s  done a c c o r d i n g  to the  recom- 

mendations i n  the manual. As before,  body temperature ( o b t a i n e d  by a 

c a l i b r a t e d  r e c t a l  t h e r m i s t o r  probe arid r e c o r d i n g  dev ice) ,  u r i n e  volume 

and a 50 cc u r i n e  a l i q u o t  i s  o b t a i n e d  every  4 hours ( w i t h  the  e x c e p t i o n  

o f  the  m i d  s leep t i m e )  th roughout  the n i n e  week p e r i o d ,  I n  a d d i t i o n ,  two 

days each week plasma ( 5  c c )  i s  o b t a i n e d  by ven ipunc ture  every  4 hours, 

aga in  w i t h  the e x c e p t i o n  o f  the  mid  s l e e p  per iod .  The u r i n e  sample i s  

analyzed f o r  Na, K ,  c r e a t i n i n e  and l - / -OHCS,  The plasma i s  analyzed f o r  

c o r t i s o l .  Dur ing  the  n i n e  week per iod,  the s u b j e c t  i s  n o t  a l lowed t o  s l e e p  

a t  any o t h e r  t ime except  the  e i g h t  hour s l e e p  p e r i o d .  A d e f i n e d  d i e t  and 

f l u i d  i n t a k e  i s  m a i n t a i n e d  w i t h  body we igh t  o b t a i n e d  a t  f requent  i n t e r v a l s .  

The room i n  which the s u b j e c t  s leeps i s  a c o u s t i c a l l y  i n s u l a t e d  f r o m  the  

environment and i s  darkened d u r i n g  a1 1 s l e e p  per iods ,  The exper imenta l  

s u b j e c t s  a r e  a l l o w e d  t o  communicate f r e e l y  w i t h  the s t a f f  and p a t i e n t s  on the 

c l i n i c a l  c e n t e r g  and a r e  g i v e n  permiss ion  t o  leave the h o a p i t a l  f o r  s e v e r a l  

hours between da ta  c o l l e c t i o n  t imes, 

A l l  t h e  data o b t a i n e d  f r o m  the exper iment  a r e  punched a n t o  IBM cards, 

and computer programs have been w r i t t e n  and w i l l  per fo rm the  da ta  a n a l y s i s .  

A t o t a l  o f  f i v e  s u b j e c t s  have been s t u d i e d  a c c o r d i n g  to the above 

p r o t o c o l ,  Thus f a r  we have scored t h e  s l e e p  s tage p a t t e r n s  f o r  f o u r  subjects 

( 2 5 2  n i g h t s ) .  The f i f t h  s u b j e c t ' s  s l e e p  records  a r e  p r e s e n t l y  b e i n g  completed, 

The u r i n e  and plasma chemical  data a r e  p a r t i a l l y  completed and a r e  p r e s e n t l y  
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b e i n g  t r a n s f e r r e d  t o  IBM cards  f o r  data a n a l y s i s ,  We, t h e r e f o r e  cannot 

descr ibe  r e s u l t s  f o r  the  above da ta  a t  the present  t ime, We have analyzed 

the body temperature curves f o r  a l l  s u b j e c t s  however. The p a t t e r n  o f  

change i n  r e c t a l  temperature was e s s e n t i a l l y  the same as  t h a t  found i n  

the t h r e e  week study. T h a t  i s  a c o n s i s t e n t  p r o g r e s s i v e  change i n  the 

c i r c a d i a n  temperature c u r v e  f o  1 lowi  ng reversa  1 was found across s u b j e c t s  

and i n  b o t h  s tud ies .  

s l e e p  was found t o  occur  d u r i n g  day-sleep a t  the  end o f  the th ree  week i n v e r t e d  

time, However, t h i s  f a l l  was s i g n i f i c a n t l y  l e s s  p . 5 '  F )  d u r i n g  the  f i r s t  

week a f t e r  i n v e r s i o n  and p r o g r e s s i v e l y  i n c r e a s e d  reach ing  comparable va lues  

t o  the b a s e l i n e  d u r i n g  the  t h i r d  i n v e r t e d  week. I n  a d d i t i o n ,  a second 

f a l l  i n  body temperature o c c u r r e d  approx imate ly  180° o u t  o f  phase w i t h  the 

s leep p e r i o d  w h i l e  the s u b j e c t s  were awake. T h i s  d rop  i n  temperature 

p r o g r e s s i v e l y  lessened u n t i l  the t h i r d  week when i t  was no longer  apparent.  

Thus, an apparent  180' phase s h i f t  o f  the  c i r c a d i a n  body-temperature c y c l e  

took p l a c e  d u r i n g  the t h i r d  week o f  the i n v e r t e d  sleep-wake cyc le .  However, 

upon r e - i n v e r s i o n  o f  t h e  c y c l e  t o  the b a s e l i n e  s ta te ,  the  temperature c y c l e  

r e e s t a b l i s h e d  the  p r e - i n v e r s i o n  curve  w i t h i n  a few days ( F i g  l o ) ,  T h i s  l a t t e r  f i n d i n g  

i s  i m p o r t a n t  s i n c e  i t  i n d i c a t e s  t h a t  a l t h o u g h  apparent  i n v e r s i o n  had o c c u r r e d  

a f t e r  t h r e e  weeks, t h e  b r a i n  mechanisms were s t i l l  w e l l  e s t a b l i s h e d  f o r  the  

o r i g i n a l  cyc le ,  s i n c e  r e - i n v e r s i o n  o c c u r r e d  so rapidly,, 

111, STUDY OF T H E  E P I S O D I C  SECRETION OF CORTISOL.  

A temperature (.-1e50 F) found d u r i n g  n o c t u r n a l  

Because of our p r e v i o u s  f i ndi n g  o f  i n te  r m i  t ten  t e 1 eva t i  on o f  p 1 asma 

l e v e l s  o f  c o r t i s o l  d u r i n g  the l a t t e r  h a l f  o f  the  s l e e p  p e r i o d  we c a r r i e d  ou t  

a study t o  determine whether these b l o o d  c o n c e n t r a t i o n  changes represented  

a new s e c r e t i o n  f rom the  adrenal  c o r t e x  o r  whether they represented  s h i f t s  
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o f  endogenous hormone f r o m  t i s s u e  pools ,  

l a b e l e d  c o r t i s o l  a d m i n i s t e r e d  i n t r a v e n o u s l y  such t h a t  any decrease i n  

s p e c i f i c  a c t i v i t y  would mean new u n l a b e l e d  c o r t i s o l  had e n t e r e d  the plasma 

We u t i l i z e d  a method u s i n g  C I4 

pool  e 

A h e a l t h y  young a d u l t  s u b j e c t  r e c e i v e d  C 1 4  l a b e l e d  c o r t i s o l  w h i l e  he was 

asleep, A f t e r  45 minutes  the  s p e c i f i c  a c t i v i t y  (c.p.m, per  microgram) o f  the 

plasma c o r t i s o l  was measured a t  f r e q u e n t  i n t e r v a l s  b y  double i s o t o p e  d e r i v a -  

t i v e  a n a l y s i s  u s i n g  c a r r i e r  a d d i t i o n  and r e c r y s t a l l i z a t i o n  t o  c o n s t a n t  i s o t o p e  

r a t i o .  C o r t i s o l  l e v e l s  were a l s o  measured on separate p o r t i o n s  of  the same 

plasma sample b y  c o m p e t i t i v e  p r o t e i n  b i n d i n g  a n a l y s i s  and by rad iochemica l  

techniques u s i n g  3 H - c o r t i s o l  t o  check m a n i p u l a t i v e  loss.  

o f  p r o t e i n  b i n d i n g  and rad iochemical  methods was a l s o  made. I t  was shown 

t h a t  s a t i s f a c t o r y  agreement was o b t a i n e d  by these methods. I t  was shown t h a t  

r i s e s  i n  plasma c o r t i s o l  were accompanied b y  drops i n  c o r t i s o l  s p e c i f i c  

a c t i v i t y  (c,p.m, p e r  microgram) ( F i g  1 3 ) *  F a l l s  i n  plasma c o r t i s o l  l e v e l  were 

assoc ia ted  w i t h  an unchanged s p e c i f i c  a c t i v i t y .  The r e s u l  t s  demonstrated t h a t  

i n  the  e a r l y  morn ing hours d u r i n g  s l e e p  c o r t i s o l  was s e c r e t e d  i n  e p i s o d i c  

b u r s t s  wh ich  were separated by i n t e r v a l s  d u r i n g  w h i c h  t h e r e  was no c o r t i s o l  

s e c r e t i o n  w h a t  v e r  ( F i g  la>, 

plasma c o r t i s o  l e v e l  was measured i n  another  normal man a t  20 minute i n t e r v a l s  

over  a 24 hour day, I t  was shown t h a t  c o r t i s o l  was secre ted  e p i s o d i c a l l y  

throughout the  s l e e p i n g  and waking day i n  8 p e r i o d s  o f  a c t i v i t y  separated by  

qu iescent  p e r i o d s  ( F i g  ll), 

were measured by i s o t o p e  d i l u t i o n  a n a l y s i s  u s i n g  the  u r i n a r y  m e t a b o l i t e s  

t e t r a h y d r o c o r t i s o l  and t e t r a h y d r o c o r t i s o n e ,  W i t h  some reasonable assumptions 

i t  was p o s s i b l e  t o  c a l c u l a t e  the approximate amount of c o r t i s o l  secre ted  

A separate comparison 

U t i l i z i n g  the  c o m p e t i t i v e  p r o t e i n  b i n d i n g  method the  

I n  both these men e s t i m a t e s  o f  c o r t i s o l  p r o d u c t i o n  r a t e  
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d u r i n g  the e p i s o d i c  adrenal  a c t i v i t y .  Summation o f  these e s t i m a t e s  gave 

va lues i n  e x c e l l e n t  agreement w i t h  the measured p r o d u c t i o n  r a t e ,  Approx imate ly  

h a l f  the d a y ’ s  c o r t i s o l  p r o d u c t i o n  i s  achieved i n  the  e a r l y  morn ing hours 

d u r i n g  s l e e p  and the  s e c r e t o r y  ep isodes a r e  t e m p o r a l l y  r e l a t e d  t o  r a p i d  eye 

movement s l e e p  a l though the r e l a t i o n s h i p  i s  n o t  ep isode f o r  episode. There 

was no ev idence f o r  s t e a d y - s t a t e  c o n d i t i o n s  i n  c o r t i s o l  l e v e l  i n  any p o r t i o n  

o f  the sleep-wake day, I t  was e s t i m a t e d  t h a t  the  adrena ls  were s e c r e t i n g  

a t  most o n l y  6 hours i n  a day and were qu iescent  f o r  the remain ing  18 hours, 

I t  i s  e v i d e n t  f rom these r e s u l t s  t h a t  t h e  p r e v i o u s  hypothes is  advanced 

has been f u l l y  conf i rmed, ie., s e c r e t i o n  of c o r t i s o l  was an i n t e r m i t t e n t  

process d u r i n g  the n i g h t  w h i l e  the  s u b j e c t  was as leep w i t h  p e r i o d s  when t h e r e  

was no s e c r e t i o n  o f  the  hormone whatsoever. The p r e v i o u s  p o s t u l a t e  t h a t  the 

i n t e r m i t t e n t  r e l e a s e  o f  s i g n i f i c a n t  quant i  t i e s  o f  c o r t i s o l  d u r i n g  the l a t t e r  

h a l f  o f  a n i g h t ‘ s  s l e e p  i s  under r e c u r r e n t  CNS c o n t r o l ,  there fore ,  c o n t i n u e s  

t o  be an a t t r a c t i v e  one. With regard  t o  the c o r t i s o l  p r o d u c t i o n  d u r i n g  

the 24 hour day, i t  i s  apparent  t h a t  a t  no t i m e  i n  24 hour day d i d  “steady 

s t a t e ”  c o n d i t i o n s  e x i s t  i n  t h e  l e v e l  o f  plasma c o r t i s o l .  The plasma c o r t i s o l  

l e v e l  was c h a r a c t e r i z e d  b y  a succession o f  peaks and troughs. Therefore,  

emphasis must be g i v e n  t o  t h e  f requency o f  sampling- 

From the present  d a t a  and the  curves o f  plasma c o r t i s o l  and o f  plasma 

ACTH p u b l i s h e d  by o t h e r  i n v e s t i g a t o r s ,  i t  i s  a lmost  c e r t a i n  t h a t  the s e c r e t o r y  

events  demonstrated i n  F i g o  1 1  a r e  c h a r a c t e r i s t i c  o f  most normal s u b j e c t s  w i t h  

al lowances f o r  i n d i v i d u a l  v a r i a b i l i t y .  I t  i s  i m p o r t a n t  t o  emphasize t h a t  t h i s  

i n t e r m i t t e n t  a c t i v i t y  does n o t  form a smooth c u r v e  and t h a t  the s e c r e t o r y  

phases and the r e s t i n g  phases a r e  g r o s s l y  d ivergent ,  w i t h  a s u b s t a n t i a l  f r a c t i o n  

o f  the day ‘s  s e c r e t i o n  generated d u r i n g  s leep, 

t h a t  a t  l e a s t  two major endocr ine glands, the  p i t u i t a r y  and adrenal ,  a r e  

I t  i s  a p p r o p r i a t e  t o  recogn ize  



t h e r e f o r e  'tprogrammedtl by the  CNS, t h a t  the program can be changed, a l b e i t  

w i t h  some d i f f i c u l t y ,  and t h a t  the master p l a n  o f  endocr ine a c t i v i t y  i s  p r o -  

b a b l y  i n  the h i g h e r  c e n t e r s  o f  the  b r a i n  and presumably n e u r o n a l l y  i n i t i a t e d ,  

S ince the normal d a i l y  f u n c t i o n s  o f  most i n d i v i d u a l s  a r e  r e p e t i t i v e ,  i t  i s  

tempt ing t o  specu la te  t h a t  the CNS programming o f  adrenal  s e c r e t i o n  i s  p r e -  

dominant ly  r e l a t e d  t o  r e c u r r e n t  events  i n  the 24 hour  c y c l e  b u t  can be i n -  

f l u e n c e d  by a v a r i e t y  o f  f a c t o r s  env i ronmenta l  and emot ional ,  T h i s  program 

i s  t r a n s m i t t e d  f rom the  h i g h e r  c e n t e r s  t o  the p i t u i t a r y  v i a  the  hypothalamus 

t o  achieve t h e  c y c l i c  s e c r e t o r y  events  e x h i b i t e d  b y  the adrena l  c o r t e x .  The 

a s s o c i a t i o n  o f  adrenal  s e c r e t o r y  events  w i t h  s l e e p  may be p a r t  o f  a genera l  

program b u t  the s l e e p  c y c l e  i s  n o t  the s o l e  de terminant  of the  concur ren t  

adrenal  c y c l e  (even though much o f  the d a y ' s  c o r t i s o l  p r o d u c t i o n  occurs d u r i n g  

s leep) .  An i n d i v i d u a l  can be reprogrammed by change o f  h i s  sleep-wake c y c l e  

among o t h e r  f a c t o r s  and i t  i s  t h i s  program t h a t  determines the CNS a c t i v i  t i e s  

t h a t  l e a d  t o  a l t e r a t i o n s  i n  p i t u i t a r y  ACTH which i n  turn a r e  r e f l e c t e d  i n  

t h e  plasma c o r t i s o l  l e v e l s ,  I t  i s  o f  some i n t e r e s t  t o  n o t e  t h a t  t h i s  CNS 

programming o f  p i  t u i  ta ry -adrena l  a c t i v i  t y  can be ob1 i t e r a t e d  by pro longed 

c o r t i c o s t e r o i d  therapy. The l e n g t h y  t ime r e q u i r e d  t o  r e i n s t i  t u t e  normal 

p i t u i  ta ry -adrena l  a c t i v i t y  a f t e r  s t e r o i d  w i thdrawal  suggests t h a t  r e p a i r  o f  a 

s l o w l y  r e v e r s i b l e  b iochemical  d e f e c t  must occur  b e f o r e  the normal program 

can be res tored ,  

, 
/' 
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2 60f7 28230 5 G r 9  5 5 ~ 2 2  38228 
57i.28 5 - 3  60ill G5c26 4 1 ? 4 8  3 __ __.I-_ 

* Mean in min 1, standard deviation. 

Table rl.-Comparison of the M?3n Duration of the 
Episodes of the Sleep Stages lor the Sequc:i!ia/ 

Half-Week Periods of Day Sleep Compared With 
ihe Easeline Week of Night Sleep Periods --- ....... . . . . . . . . . . . . . . . . . . . .  ----._-...._________________I___. ......... 

Half Weeks After Reversal (Min) 
Sleep Baseline Week ......... _ _  ............ 
Stage (Min) 3 4 5 6 

1 3 3 3 2 3 
2 18 14* 16* 15* 14* 
3 12 12 1 1  9.1 10* 
4 16 15 12" 13 17 

16* 14* 18" 154 R E M  23 . - ~ ~ _ - - . _ - _ _ _ _  -- 
* Significant difference at Pc0.01 (t-test) .  

Tablu B.-Number of lntcrrupfed REM Epochs* 
and lnterruplions ot REIC? Epochs" 

Week SI Sz SI $4 s* 
Interrupted 

1 2 5 4 1 3 
Reversal 
2 9 17 12 4 5 
3 3 15 1 1  2 4 

Interruptions 
1 2 6 4 1 3 
Reversal 
2 12 28 13 5 10 
3 3 23 16 2 6 

* REM epoch is defined as srqiieiltial H E M  period(s) 

- _ _  __- .- -_________ -________ 

-___--.-----1.1- -- __-.-_..I_. ._ 

with interruptions 15 minutes. 

. . . . . . . .  .~ .̂... ......... 
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Fig 2.-!~e~wlts of a birrsry autocorrelation test compariiiy pc!rceiit agrecmurit with lag t ir i le 
f t J i  each of f ive subjects an5 for gmtrp of five subjects as v/ltolc.. llninterruptcd line rcoiwetitS 
v d l t i c ~  foi f i r i l  week prior tc, reversal; daslicd line, firsl week after revt'rszl; dash-dot line, second 
week afiec' reversal. 

SI $ 2  5 3  

i 

. .. . _. , .., _, . . ,......_ " , ._ .  1 . 
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Fig. 3 - Mean and standard deviation of variable graphed a number of hours  elapsed 
after t i m e  of awakening. The solid l i n e  represents the values f o r  t h e  

--- . - ~ ._ --.- ---- 1st week (baseline) prior to reversal (sleep time 10 p,m,-6 a.n;.), t h e  
dashed line, the 1st week after reversal (sleep tine 10 a.m.-6 p.m.1 ,  
and the.dash-dot l i n e  the 2nd week after reversal (sleep time LO a.m.- 
6 p m . ) .  
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Figa 4 - Mean levcls of pl.auoia c o r t i s o l  for  3 suhjocts  (CJ, SK#JW) btfore arid 
after sXe(3p-v;tkc : invers ion .  
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Fig. 11 
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